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(54) MAGNETIC DISK, PRODUCTION OF MAGNETIC DISK AND MAGNETIC RECORDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the density of magnetic 
recording by separating recording magnetic members from each 
other by hard guard band members. 

SOLUTION: A substrate 1a is provided thereon with a recording 
layer 2. This recording layer 2 includes band-shaped magnetic 
members 2a long in the direction of the recording tracks and the 
guard band members 4a consisting of different materials embedded 
between these members 2a. The magnetic members 2a and the 
guard band members 4a are periodically and alternately arranged 
with the track pitch as one period in the radial direction of the disk 
in the recording layer 2. The track pitch is given by (T+G) and the 
effective recording magnetic domain area corresponding to the 
inverse number of the surface density is given by (T x G) x B when 
the width of the band-shaped recording magnetic members 2a, i.e., 
recording track width, is defined as T and the width of the band- 
shaped guard band members 4a, i.e., guard band width, as G and 
the length of the recording magnetic domains as B. The surface 
recording density attains about 1.5Gbpsi and the storage capacity 
with the drive of the four surfaces of two sheets of the disk 

attains 1.5GB when a disk substrate of a 2.5-inch size is used for the disk substrate 1 and the 
width T is set at 1.8±0.1^tm and the guard width G at 0.2±0.1jxm. 
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< fc: F^ y #«9*wex-r*iB*a*i 



(8) WH¥9-9 7 4 1 9 

ftrTSflk TFlxXffl^t-r-rx^ff^oaea/^* 
- - > yp$ lcf2 A oJ§6& <0 T\ ^7^r^y^ 

[0 0 6 7] #lc. 01 lcijrr<fc?£&F^-y^ *y^ 

4>ea*frt>fc»&wM F7 , jys^ttt*7h5y 

^A, BTtt'Ny F F^y ^©(OPafflS^^y^T- < *y i/ 
7t-X-7-<^PX3-^ CtTF. MFMkt^) Tm 
^LTO . 2 /imgSfO^H F7 »J V2/«:56iELfc 
fc*Mc> 2. 2 /i mES^7 F^y* L*l>fcfgs§W;fc 
« tc^ffi o /cole Wit, *58ryi<o x >r 
X^T'liM FM«*T'li£<-tM Fb 'J Vv?OJ83l«5R 
< . 2 /im^^b h9**BP5RBF9-y*±TUn*5 

JO [0 0 6 8] 2£*c, RMSLfr? 3*<0h9-y*fc:H- 
fl*»T«*9EB*:fTl/\ 1 - 5 

fSOHSaoffl^EaLT*- /^-T Hfttk^nx 
F-*»tt*«^fc«** JztiExYJXS'A, BTttBS 
F ^ y *?>m^**S5 -f MMfctf 

^ -y * fl*§i±£ < ft < / t9 ^ 1- Wtttf » 6 ti 

fc. fie^T**t«"r-fX^C«:»F9y^fhfc:»LT>: 

[0 0 6 9] #lc. #58BHOS&*aJB»JR«— 
30 3bHc*T^BWT\ »Jr-TX^C, tfc$5^X^AR 
(fB^ZMS^T'TX^^^V^^ FX£ — hXF yy 
KB (WT. C S SlSi££l^:>) lc«LT. fOH*ft 
ttSrlH^fco C S SKKlixY^^OOglS^iil^O^te 

F O^OJt©^^ A Ti±ttS/<xa«'ejEKll»IHI* t 
Sci 0#>£i^g#&M*7f;U t!6*«l5fi<0RSH»fc^ 
r U ^> F <ora**rW-r ^ih^x ^ B ti 5 7J/ 

40 *>mhnmiz2. 5»s«fcjE«ffl[*»»bfc 0 cne> 

U:»UT*S^O«ttBLt»i:ti«aiBl*«S*^^S i 
0 2 ^— F/^vFSWt-S^MOT-r-rX^CTttttRx 

li«SK»bT*t^^ F^BEH^f- F^VFgPWc<fco 
[0 0 7 0] ^€>tc. «*ffl6«ft*Sft'Ny KS4tfO 

so «tttt*»r* iittK^v Ffca«Lfctt»T^ 



-8- 



15 

[0 0 7 1] £tc. itnm<074X</ BTUJ2M£f/<* 

[0 0 7 2] - ^SSM^i'X^CTtiig^fTnj^ 
Hi±fl^'£l2U^l:&$J; Hi 0 %SSffiTLA:t<0 
O, SBRLT««BiW»S:ffoTfe^<»»»«a38 
3£ L ft* fco fa ^OffiT#Jte-r -< X ^ A tCit'^T (2 

SnTt'SfcfeTfeQ. «sa«S«tf58*:L&l ^tif r 

[0 0 7 3] JdG«^ffrTttS»«tt*m* LTCu 

£StJ"f > EBWHfc LTCoNiPt, CoCrP 
t, CuTaCr, CoNiCr, SliSlSftO C o C r 

sai * o t it i*t t % as nrag-e* s * 

[0 0 7 4] 5 o ic. /J- hv n V KflSttUH I 6 
lc,7;Lfc-LOO^lcPE6ft&i\> vie. fiS 

Hfrffii V^tfotf- K/<> K8W 4 b fc&ttSPfcf 2 a OB55 
ffOiasifriTSU-TiJ:^. coi-Sft*- K'SvKSP 

s 1 1 1 ^ % X -y *f/&&mi*z> CtlCX 0 Jg 
AKSns* K^y KBPtf 4 b litflJBftlfij v 'y-Vi 

co mic «WrffifiriJBttTfi T fc J; t \> 

[0 0 7 5] BSlcijrrJ;?^ ffiBfflSaiJgtto 
K^v K«*f 4 c £&142Mt 2 c OT2FOTHWB 5 
fcfittl 0«#P£T»ttTfc«U\> TJlWB5«rtM-fc« 
.*k:»LTtC<OJ:3ai!f"-K/^Kffl5«4 c fcJB/KTJ- 
SCttfT?*, **tfoeBS£**:RT*So 

[0 0 7 6] ££tc, S9^tJ;5l<:, tBWDSJ5P3^ 
ttO/f-F/^KBWH d£fi& l aO -SPM AU&fr 
J^IcJEeKLT&J;^ TflfeHOMi^JK* I ictei^TS 
Kl aO&^STCOJ;?*;*/- F/^KIBf-l d#JE 

[00 7 7] #58f!mc<fctUf, «H*f- bV*> KS3«fc 

ct u8aa«ttau*f*so^»«^5c ^t, u 

£fc, «««««R<TfeWB^tt«ra*T*. RX^- 
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[0 0 7 8] *5gW]^j;ntJ, ffiSSTtSfi^ES 
!BI|g*Sl{H^StSLTE?5IStt/7^iPJE*S3CS^^ 

^/rssic^So mom- K/^K*«taifl 

T^Chlc J: ^) CSS Btt€:*«k: ifn J - ^ ^ c t ^T ^ 
SOT. »*WJciigffliSCf:5/7A^^LTt -|-5>fc:jSflI 

[0 0 7 9] :^tc. B10-BI 3>l-^n«L>rj:^0fi£S\ 
20 [ 0 0 8 0 ] m l 0 teJJVf J: -3 ^ . H1«E»4SB 2 

>2 1 Ici-jTf <X^/ 1 /j^lfVEHEiiiSJ;^ 

(VCM) 2 9k:J;oTa£f*anTl^S 0 
[0 o 8 l ] mi l tc>7<-TJ;^rc. vr;D"/D-b.;V 

9, /N-Kfa ; ;F7i'7 r 1 1 DD.i ay|>n-73 

3 <o ifnt»afn, ct i o tc ;iifj ffli o ^ jag ^ £ o 

£t-Z mm>W)fj*3k'Cri' Z> t O T* S o MA (I v ^ 
^n^ntt)-3 5ti> VCM2 0^jKf|iWt^/:i6 
tcf5«?3 0 0 0EIIO-9-V^y>y«:f7ftv -/FT, + J - 

^;UM^^D/'A^iSLT VCM 1*7 Y/n3 0«.WBk 

TO V C M 2 9 *ffi»j-Wffll L, Gt^N v K 2 2 * X 

^ i og2sosomaE3m^ittKxa^M<*^So 
^ tfi-rsi-ju:, ^e-^2 i ac/xi^v h>K7^'3 i 

[0 0 8 2] S^jA^l. ^mtOjagitvY 

^ m/n-fe y -9- 3 SOffiiaot T*Jt£f7Sti« J: 0 
otl'^ -r^t?^, -eY^nyn-tr *y+/3 5ii: N HD 
Dziyha-zr 3 3tfa*$&K>0t» L, ffZ^lic 

3 2^LTK^K2 2tcKSo /j\ IIDD=J> 
hu— «7 3 3tJ:^X h — — X 3 4 ^rMTW 

so So x-rx^ ncfHS-r^^x-^ti^xhziv^^- 
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DDayhu-73 3fclfc£SnSo £*5x 7-Z*28 

[0 0 8 3] ^JCs 01 2, 1 3£#SSL£tf 

[0 0 8 4] 01 2im^y K^---y h 2 Z^IIW 

2lCtffBg'\'V K2 3^*tfS*^Ny K2 4tf«K2n 
Tl>S 0 ES'n^ F2 3lil«/B^ftt05J:oftE 
SaEStc ^ -f >WWttn £ ftfc«*t*:fll * S * ■ * * 70 
RWffl^N^ HT'feSo COEB'Ny F2 3tt, 5S^2 5 

[0 0 8 5] ffik'N-y F2 4UZ.V-y/W-S!Sim%L&iji 
(CMR'N-yK) T'£So COBt^y K 2 4 UfltfK-r 

i'N* K2 4^MR^7-lct±iS?2 6^:/>LT-b>XIii] 
Ti-^o $fc. flMRx-rX* 1 ifcEaSftfcfl^fcfi 

uuuswBESEft. -rat** WE«9t LT®? 2 6 J; »;> 

[0 0 8 6] 01 3k:^r<fc?fc\ E»*n? F2 3<3X 

evuuTSMRXTU* trvB (sgioffittJi) 23 

a, (IS2<Dfi&1tJi) 2 3 b. ffttttWU 2 

3 c, Jttffc l»^y- F2 3 d&flM.T1r"£« 

2 3 ai±m»-r-f x* i ©ffijca**iftu:aiffcA«Baa!s 

^TS 0 2 3 ctibr>®2 3 a t7V-B2 

3btOHlc»A?tiT^5. l»0>y— F2 3 d t± bT 

*y— F2 3 dicti^&?2 stf^n^ns^strc^ 

So Sffi^2 5l±y— F9-T h(2lSS3 2lC&S*tlTl^ 

So 

[0 0 8 7] t!Vl2 3 a*5<fctf7y— 12 3 b liW*. 
HCo-FeI^4D, ?HKttW«» 2 3 c U:CW*tf 
CuiA^^So dCT% 7y-Jl2 3 alib^-y^® 

tlTl^So il9«lf*E»^y F2 3 OM Rig-Tic epiin 

*rs£, 7y-B2 3bo«Efb^i&3^aso, c^^y 

-12 3 b©«fb*lftt t^>Jl2 3 a<D«{b*lRlfc<OM 
<£T\ 1 2*4) 'J — F 2 3 d BTftfcM R *?<B«ftlfi*i 
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[0 0 8 8] #IC % 01 4-01 9*#5aLfc#5*3& 
[0 0 8 9] m \ A\ZX^m a&Sffi. FJ?2tite^ 

Sx ??^i matEass. ef^i 2tii2iiiaftgett* ; £ 
n^ns*. **»BBttTi±EaH»tt»*t 1 2^1x2 

0 n mifCD C o P t R«\ ffltHSPtt 1 1 £ LT 2 0 n rn 
f^TbCoI^ Ifil ai:tT2. 5^yfg^ 

/0 [0090] ICS® 2 UffiESW 1 1 £ EStttMW 1 
2 k^^^X^^S^fp]lc3S5^1tt^Ti^o EBfflltt 
SWl 2tifS&h^*y^T 1. T2, -Tnt^nftl 
JB;£U HiBa3S«S€:583=-rSE»h^'V 
*H««Ml f M2, -MnSfnfnMl/T^S, 
E^ffilttWl 2coK(b^[S]^ti. K1=-EStttt4>«* 
h 9 *y * IcTff Tft D , ffifiESJ«f*0«&liK 

[00 9 1] - l l OMftOKij-StJ:, titlS 

4iMffirtT?Eiah^^^T 1 . T2. -TnfclJllltt-C* 
ffiHSWi loKft^ipj^Ui Y"7>v ';mc&\p\£\cWL 

[0 0 9 2] 0 1 A\C^'tmM.'fH7.i/ 1 DU\ 0iRl£ 
WT^yj i£T*Sig-r S C £ T- £ So T-JQflu£:/iK*r * 
7X1S1 a±lC^7T¥ffl^CoP tiW^'jy 
^*CJ;oTJEJi5cU MLTS i O2 WAtt 1 0 11 m^gg 
• iTJ&JftTS. ^^T\ S 1O2 KBcL/^hSX 

ns U-1fSi)tSffl^ffiffl Ltay^yh'j7^ 

[0 0 9 3]^:, RlESl^SSd^AU i 

So ^eiC, T V islsyiCXV h'W — V^rBfeS 

L, CoPtlilCS i O2 /*2-^*BJ&?2>o ^ 

[0094] $^tc, x^vt<mm*m^Tmm*ici$ 

(T b ; 2 2H : f%8fi) WiaoiB««*J (l 0 
kOegS) bC oSiflffliftK«:2 0 nmOHJPS 

ffltttSi50 1 2±teJB«Sftfc*#a:T b C ol^i 
L, Sgf ^^ 1 D^ff/co 

[0 0 9 5] JKEWl 1 fcLTffl^fcTb CoHttlf 
0 lS&&TESfflH±gP»l 2k:ffli*CoPtRiH 

50 ^:< x^X^fNffitc^bfCo 
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[0 0 9 6] £C3T\ mztitcT-fxtzFtmicm-r 
5nu^ia5ffl3« ) 1 i <W]Mm<txmzs8r£ f 

|fij5tL<UTl^lSfc: 1 h^v'ylcl'; -fiHcSI*.. 2 
,i iiiOJ I- v y > y y K-fe r -f X ¥g/j|fijfc: 

ny-t-vl- 'J tc&^/io C<D J: -? LT&JCf} I I 

WZmPi \c 32H L T ffflfi L fc. 

[oo y 7] 01 s&mm.T-ex's i Dos?(a5.«£ss^nj 

aJA/u-CTor^jXHT-feS,, 153 1 5lc/7;-TlKS[-N-y Kt.t 
^USAIiJfJSgcoaiM-r -C X ? l D £3?{lfi-T -5 AiAbMttWJI.: 

fimzumim-fc®. RF97u«Qitwtti9Us. ft'";- 
s uttttra sag, ?7 9 6 utt<iiB€?4 L^tia+j-i-. 
[o o n 8] mtm&Mt i fcjjt/atftGaaaS'i 2tctt 

C u F ofl5l>5r. «?m#ittl7 Icl.tC ii 4% fiKftiail 
OS 8 lea F oMnS, ttffiM 6 tc U C u ^ S'.' ffll »A:„ 

[0 0 9 0] DSKUCffl^fc'N-y Fli_L8PfC*Gillllig£l4t5* 
^-/l>F*fc2G^TlKffi£:afcfaA:C oZ rN bl, SllS-r 

0 . OS • fTJ3£ F =7 y ^ifSti 2 /t nit LA:., ^Witm<D 

®%-r f xi> &ma<niTm%.'\-:' \'&n i.m.0. o i 
ttttam 1 2^p.«ffi^fi^i:iaGSf5« 1 1 ^sosr* 

fg*Ji:t.tKfc3<QT\ £ < tc+J— F L&l^tSfrT- 
T t,£Sl LT F 5 -y * >y»f^^^S C £ T* 
2 A% C ftlc J: t> T#5in.H<D#)m<D -oa^IS .} iAu 
[Oio o] ^ic. 01 6 IciiVr ±fe<or&§iJ}£ 

i Dti9«<orais4*fi5ft. 01 6imft<p<o*m 

[oioi] Btmm^<omBm^(DWi}atm^y f 
m»S6'\cotsiim (iai 5ofcfrT-iKCtiniitsM4 nine 

0fs L A:fcfllfctt LT£*f<9|6] ttciim) £ tc J; -j>T,1[2 
aB£ftf£*f?-afc. F^y7T 2 ±0«ftlSHElB4 1 
OBifbDlfiJ^liHiHSWM 2 RD*M 3 ^'j<OiSa(iSW« 

ft73lPlT^S„ 
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10 1 0 2] ICaffilf^'fr ^tK(tSG2C^G<0 

iE&fKf? (»f*ffii£ffilttTJjtia^L<ttTliV*'i 
oTfflifkEl^®^ l^&fbWafeL, SiWSEftLTtt 

i i3tfssug»ciii!i£fi^-ajS[ui{9<jiiL . -t vxtnagB?; t 

»IS 8 OfiBtfb/ilfiFO^ftUfiO * i£fcfr o A: . 
[0 103] h7 7^T2l:Eit3l-7'^T3T'i 
n=S-ti-fcJg^tC(i. StftEQfiyK'l 1 fJ(KffcfJ|fij5J t Fv 
/« >T 2<Dt Ztlvm<\2\^£&ij\ pj'FJMV Lit F > 
•y>T2fcT3£ U?M<MD~(: J; A: < IffliffilK < .iCHilT} 
.tiftftS -ti" 5 C i: AST S /c v 

[0 1 0 4 ] i^fc. fiJlfe-N-y K4>ESjff»« Y ft 
G h77> -n'> L J*-J ra? T-S/jlfil t iS -j 

F 7 -y f Wtt*ffl^fcieiR. 1-77? L' y T<7D 2 
;/ rn c0i2l 0 T*£< f3 1.1 M < >it t) . 4-M&)&mo~j r < X 
^ I DA'-9--C F'^'J^^fRFi-U-^JiT-L^jJR^JT'fi 
5Ct fldRG A> £ £ v A:* JT A: . CSS .u^^fel U 35 L 
5 TElfToftAt. £ < \zmHmnm&Xi&br»t\&1*-> 
20 A:, A:Af L . mtmc /I V 'J h s F /2r^ {\> LTCSSK 
KL/i, ctx*»CiW]0 Tic. BitiiWi li'28 

(Kttgwi 2 j; «j •LffieEiT-.fc-nur . i i/*<*v 

\'ls-/imc{r.f\]LZC S S«fl'S:|fi].l:<*i>-*!a5fi^Ti' 
•F^CtA^iJIVILA:,. 

[0 10 5] 2 GlC. C S SKtt£|fi].L-d-3±T'{.tl&lj 
!5PW 1 1 t LT TIC u coft-fj 'y t7i7 -T F^OKii: 
J*t**ffl^SC t A^J!/.CfJWT'J3 'y . ^<^) J: t ^-tgftQffi 

r-e. ]KX'-<-x>'y(tJ:'Lwri'reJc.«. .L3C 
.?« ^0»Jlcffli/^At TbCo StUiSwfSfru. SKf*iBi.L:lc l 
OnmifiCS i Oz VUUR&W>&Wtim±lMf2. 
Ll'o 

[0 10 6] fitlMM.1 WL +=5Syj<^)%I|i>!£:i!/Jfiffitc L 

rai<T6SSUnW^F5A:-rj;l-caxTr t-X^^f^L. C^i 
-Sr±S2SISi6JBftg«7 r -i'X? l DtR^tcmilijLA:,. Jt$5 
ir^ X ^(OtgiiKU:. 77 v X®tEt±k 20n n.« CoP 
i%>mmt lOnmQSiOi RSSS^Xy^-y JfJgiS 
L. ^ilc-r-rX? l Dlc/ni.'A:cotr»M«^7-ij7!j 

j« vF^sitULAit^T-j^rj., < 7.0 m\\wm.o^\. 

It. 'N-y F*J?±fi-&0. 0 3 p ini LT'N-y F /ff 
T'iig^X^-i /y^fAfcC t rfX^l D 

nMltmwc Lit. 

[0 10 7] \mm-r yX^^C'N-v KOttftBUEHH 
ftl»]?ai4 1 <^SSft/3|ftjaTl?lfi'jkfi.T(afLlLgiJ))28 £ 

csftia^4 2<offliS6(a^ifi].v. -r&tet>m \ sx-m. 

so 01 5^k:Tata©*^c > Kl£:(S]^-9^{iKft[5i$EK 
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fcfafr?*&l±a{fcialEH4 1 0»ftUB3IE*Tr S^tf 

Lfr^tt&fr-Qfco 

[0 10 8] tttt«xYX*lC*5l»TU:«»-*9 
-f hJR L T (iiTcffiSttMO fr 0 UfaS h77-t 

* /j* & «a Stf >ft 7 -f ej-OiE AfrA fi < a S i: i ■ 0 T 

[0 l 0 9] ±EOjW«i:tttt«Tll, S«fcLT# 
EBttttJHfclTCor tR. »Uli:LTTl» 
Co IB, CSfflffitLTS i Oz -Erffi/BL/iWISJE^ 

file A 1 7?<03aH«\ EBttttffitt 1 2iCCoC r T 
a, CuNiPt, CoCr, Ba7j.7-fh9*. 81 
E8P*fl H«I7x7^h, SinCo, NdFe, MnB 

tfrT*£3o 20lc, EHBttSttl 1 OTiftt C r T? 
©ElfiMWB, N i Fe^»K/jWI'^nt 

[0 110] ifc, «E»«o«BfffiiJB«t^n]-S:SJB 

[0 111] Sfiis ±f2^jffSJBM^ffi^T r YX^ l DT* 
UttEJaptfl 1 ftWt*«WW)as*S!B«ttJB l 2^ 
IKJS^injUlcLfcfr, ffiffiStftl l ^iS? 
■fLfeEBBttJB 1 2 W£fcffiUT*&C£*:2SL<5: 
l\» WitUFBI l 7 Jc,K*r-r-<7^ 1 ET'tJ\ tttCiiCtt 1 

1 a<D»£*EB«tt»*fl 2 aO«»J:t)'hS < LT 

U:. BffiSPfcM 1 b^5^:*BniS3^J12J5i:3[]IJiaitt 

12 1 DloWrYX?! CT'U\ BtESPtf 1 1 c« 
ns&EBtttttttfl 2 c«J;»;At< LTl*«* 
[0 1 12] XK^/W^«BBan»«flltta» 

» 3 ±T ffl»fr ©IMfeS/ W7X ««■ tf^K attift 

[0113] ^ijiijBiBoB^xYx^ftrai^nuf, is 
I >T , A $ ^ -fe ^X«Sit«: $ s ©-east ^v±m 

fll 5 tl S T x v - U— h <0 'pft C ^ i?3£fi* ftifi&& L T 
3?a4>&^EBtf^ftlfcft:9* *o$SL/ch77^y 
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[0 114] 

[5OTJ<Dj»*] *5BWlcJ:tL«X» HOT**- F>< > K»tt 
lcj:OE««tt*»«:StMi:»tt-rSiikT. F7 

5* ifc, SHR#/I!R<TtBBXit*i»«TS, &7. 
^->> y ftfrS B £ & t> . froK if * F tf * <t fr S 
IB t ftO . ttd«k:ai«E»a>lS«l«ftu:H«-ramj 
10 AT- i!SffliWfl:«:in<ci:«:<. Mlltf- 
FMV FSP«^0JBiiEfrniaBftBt«-r < *^ft[/*«SiB 

[0 115] «OTWc«fcfttf* EBJHTaPfcEin 

icwaa*Ji*EnT5WLTEawfli«»*tt**c 

•^^c^tCcfc^C S SBttS:A:Wk:ft±ir5Ci:tf1?S 
20 6©T. »*WfcU:a«E»/rjtWibTt» |-»U:tf;/n 

T- ^ s o sot-. as»tt« yj - f/ n > f su« ^ am -a- 4 1 

[0117] i:<lc+;-^7Yh Ul^&tfcoTt 

+J K7»J y^H^J2S/OTT2r, fro» 
> y^iBilWL^t < 4 sot* . ffi&Wk:«a[E 

[HI] H Hi. *5Bin«SB l ^flS^^f^SSia-r y 

x co- • sn% a d > t Ea v^^ti fit alt /T> 
[12] 02ti, ass^Y^^waa^^aww^afc 

[0 3] K«x^^^^sa#tt*3Knn-*'6^: 

0, 

[0 5] 0 5 a. a*7 f ^^*^^/ji£*KWl'!|-S/t 

50 io 
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[0 6] S6ti. { 7.ir%*.-?®mmm. 

[0 7] mm. itoo)%fcBm<DM5(.T<x';Zr,\-i-& 
®riB0<> 

[las] @8«i. fiisto'jiiSjgflgwai^xy^i/^/Tc-dia 

ITriE0<. 

[0 9] 0 9ti, f!!s^fl6mflS©lKar f7^'l,Trt &i 

[01 0] 01 OH. (K^g[!®5$E^^J*85[il?HSlia. 
[01 l] 01 ll.t. tt9aU&SBuMaPK6<7i4-tRj« 

[0 I 2] 0 1 2t.t. IKSl'N y K-i-'j hRt/aa-r f 

[Hi 3] 0 1 3l.t. CMR'ElaeS'N -y K<0:fe2Sifc£tiI 

[0 1 4] 01 411. *jm<»%2m&B!&M$Zf&'Z 
-r <7S;n -aC&W 0 'K\ h v y i/ fir.5>« fit* L 

T>r^-i£A«ffi0, 

[0 1 5] 0 1 5t.t. ^iVKDift^'jyiE-d-^/iidfJJMj 
[0 1 ] 
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(54) MAGNETIC DISK, PRODUCTION OF MAGNETIC DISK AND MAGNETIC RECORDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the density of magnetic 
recording by separating recording magnetic members from each 
other by hard guard band members. 

SOLUTION: A substrate 1a is provided thereon with a recording 
layer 2. This recording layer 2 includes band-shaped magnetic 
members 2a long in the direction of the recording tracks and the 
guard band members 4a consisting of different materials embedded 
between these members 2a. The magnetic members 2a and the 
guard band members 4a are periodically and alternately arranged 
with the track pitch as one period in the radial direction of the disk 
in the recording layer 2. The track pitch is given by (T+G) and the 
effective recording magnetic domain area corresponding to the 
inverse number of the surface density is given by (T*G)xB when 
the width of the band-shaped recording magnetic members 2a, i.e., 
recording track width, is defined as T and the width of the band- 
shaped guard band members 4a, i.e., guard band width, as G and the 
length of the recording magnetic domains as B. The surface 
recording density attains about 1 .5Gbpsi and the storage capacity 
with the drive of the four surfaces of two sheets of the disk attains 

1.5GB when a disk substrate of a 2.5-inch size is used for the disk substrate 1 and the red track width T 
is set at 1.8±0.1|am and the guard width G at 0.2±0.1|am. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A substrate and the recording track section built with the magnetic member which is prepared on this 
substrate and carries out record playback of the information magnetically, The guard band member which was 
prepared so that it might continue in the direction of a truck substantially between said recording track sections 
which adjoin mutually, and was built with the nonmagnetic ingredient more firmly than said magnetic member, 
The magnetic disk characterized by preparing the magnetic member of different thickness from the thickness of 
the magnetic member which it provides, and the above-mentioned magnetic member does not exist in the lower 
part field of the above-mentioned guard band member, or makes the above-mentioned recording track section. 
[Claim 2] The magnetic disk according to claim 1 characterized by the electric resistance of the above- 
mentioned guard band member being larger than the electric resistance of the magnetic member which makes 
the above-mentioned recording track section. 

[Claim 3] Claim 1 characterized by the disk front face formed by the above-mentioned magnetic member and 
the above-mentioned guard band member being substantially flat, or a magnetic disk given in either of 2. 
[Claim 4] The thickness of the above-mentioned guard band member is a magnetic disk according to claim 1 
characterized by the thickness of the magnetic member which makes the above-mentioned recording track 
section, and the substantially same thing. 

[Claim 5] The thickness of the above-mentioned guard band member is a magnetic disk according to claim 1 
characterized by being smaller than the thickness of the magnetic member which makes the above-mentioned 
recording track section. 

[Claim 6] The thickness of the above-mentioned guard band member is a magnetic disk according to claim 1 
characterized by being larger than the thickness of the magnetic member which makes the above-mentioned 
recording track section, and laying a part of above-mentioned guard band member underground into a substrate. 

[Claim 7] Furthermore, it is the magnetic disk according to claim 1 which has the substrate layer which consists 
of a NiP deposit, Cr orientation control layer, or the NiFe soft magnetism layers between the above-mentioned 
magnetic member and a substrate, and is characterized by the thickness of the above-mentioned guard band 
member being substantially [ as the thickness which totaled the thickness of this substrate layer, and the 
thickness of the above-mentioned magnetic member ] the same. 

[Claim 8] The magnetic member which be prepare so that it may continue in the direction of a truck 
substantially between a substrate , the recording track section built with the magnetic member which be prepare 
on this substrate and carry out record playback of the information magnetically , and said recording track 
section which adjoin mutually , and make the above-mentioned recording track section be the magnetic disk 
characterize by to have the magnet member which be build with a magnetically different ingredient and supply 
a direct current field outside . 

[Claim 9] The magnetic disk according to claim 8 characterized by the disk front face formed by the above- 
mentioned magnetic member and the above-mentioned magnet member being substantially flat. 
[Claim 1 0] The thickness of the above-mentioned magnet member is a magnetic disk according to claim 8 
characterized by the thickness of the magnetic member which makes the above-mentioned recording track 
section, and the substantially same thing. 

[Claim 11] The thickness of the above-mentioned magnet member is a magnetic disk according to claim 8 
characterized by being smaller than the thickness of the magnetic member which makes the above-mentioned 
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recording track section. 

[Claim 12] The thickness of the above-mentioned magnet member is a magnetic disk according to claim 8 
characterized by being larger than the thickness of the magnetic member which makes the above-mentioned 
recording track section, and laying a part of above-mentioned magnet member underground into a substrate. 
[Claim 13] Furthermore, it is the magnetic disk according to claim 8 which has the substrate layer which 
consists of a NiP deposit, Cr orientation control layer, or the NiFe soft magnetism layers between the above- 
mentioned magnetic member and a substrate, and is characterized by the thickness of the above-mentioned 
magnet member being substantially [ as the thickness which totaled the thickness of this substrate layer, and the 
thickness of the above-mentioned magnetic member ] the same. 

[Claim 14] The above-mentioned magnet member is a magnetic disk according to claim 8 characterized by 
being made of the ingredient which has the coercive force of magnitude from which the magnetization direction 
does not change with the magnetic heads for record. 

[Claim 15] (a) The process which forms the magnetic layer which consists of a magnetic material on the 
substrate which has a flat front face substantially, (b) The process which carries out pattern formation of the 
guard band tooth space which specifies the recording track section which adjoins mutually so that a part of this 
magnetic layer may be removed and it may continue in the direction of a truck substantially, (c) The process 
which fills this guard band tooth space with the guard band member which consists of a nonmagnetic ingredient 
more firmly than the magnetic material which makes said magnetic layer, (d) The manufacture approach of the 
magnetic disk characterized by having the process processed so that the front face of this guard band member 
and said magnetic layer may become flat respectively substantially. 

[Claim 1 6] (A) The process which forms the magnetic layer which consists of a magnetic material on the 
substrate which has a flat front face substantially, (B) The process which carries out pattern formation of the 
tooth space which specifies the recording track section which adjoins mutually so that a part of this magnetic 
layer may be removed and it may continue in the direction of a truck substantially, (C) The process filled with 
the magnet member which is built with a magnetically different ingredient from said magnetic material in this 
tooth space, and supplies a direct-current field outside, (D) The manufacture approach of the magnetic disk 
characterized by having the process processed so that the front face of this magnet member and said magnetic 
layer may become flat respectively substantially. 

[Claim 1 7] A substrate and the recording track section built with the magnetic member which is prepared on 
this substrate and carries out record playback of the information magnetically, The guard band member which 
was prepared so that it might continue in the direction of a truck substantially between said recording track 
sections which adjoin mutually, and was built with the nonmagnetic ingredient more firmly than said magnetic 
member, [ whether the above-mentioned magnetic member exists in the lower part field of the above-mentioned 
guard band member by providing, and ] Or the magnetic disk with which the magnetic member of different 
thickness from the thickness of the magnetic member which makes the above-mentioned recording track section 
is prepared is received. The magnetic head which reads information magnetically and writes it in, and the 
control section which writes in, carries out data processing of the information, and sends the information which 
is sent from an external device, and by which data processing was carried out to said magnetic head through a 
read/write circuit, A preparation and the above-mentioned magnetic head possess the magnetic resistance 
element of a spin bulb mold. This spin bulb type of magnetic resistance element The 1st magnetic layer by 
which it connected with the above-mentioned read/write circuit, and magnetization was perpendicularly fixed to 
the field of the above-mentioned magnetic disk, The magnetic recording medium characterized by having the 
nonmagnetic conductive layer inserted between the 2nd magnetic layer from which magnetization changes with 
impression fields, and this 2nd magnetic layer and the 1 st magnetic layer of the above. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the magnetic disk mainly used for 

a calculating-machine circumference store, and a magnetic disk, and a magnetic recording medium. 

[0002] 

[Description of the Prior Art] The magnetic disk has the features, such as high surface recording density, a high 
data transfer rate, rapid access, high-reliability, and a low price, and is making the mainstream of computer 
circumference storage. The surface recording density of a magnetic disk showed several 1 0 times as many 
elongation as this in the past ten years, and improvement in the surface recording density continues to be 
promising. 

[0003] Magnetic recording makes it a principle to reproduce the signal field which forms a record magnetic- 
domain train into a magnetic-recording layer, records, and is revealed to the recording layer exterior from this 
record magnetic-domain train by the signal field generated from the magnetic head by the magnetic head. When 
improving surface recording density, it is the point what-izing of the record magnetic domain formed into a 
magnetic-recording layer can be carried out [ detailed ] or how the minute field revealed from a detailed record 
magnetic domain is reproducible to high sensitivity. 

[0004] When making a record magnetic domain detailed, on making it detailed and a twist concrete target, the 
magnetic-head point which touches the 1 st recently at a magnetic-recording layer It is in narrowing a record 
(playback) magnetic gap and narrowing the record (playback) magnetic pole width of recording track, and the 
gap (spacing) of a magnetic-head point and a magnetic-recording layer is narrowed the 2nd, Positioning [ as 
much as possible / with high degree of accuracy ]-in predetermined record playback location of magnetic- 
recording layer-magnetic-head point ** is important for reducing a blot (fringing) of the record magnetic- 
domain edge by the field spatially emitted from a magnetic-head point to the 3rd as much as possible, and the 
4th. 

[0005] moreover — when carrying out high sensitivity playback of the minute field from a detailed record 
magnetic domain — playback — the theoretic breakthrough is needed. Since the playback principle using a 
different magneto-resistive effect from the conventional induction playback principle is proposed and proved in 
recent years and researches and developments of a giant magneto-resistance ingredient are furthered further, it 
is regarded as what makes the mainstream of future minute field playback. 

[0006] The technical point to the densification of the above-mentioned record playback consistency is a matter 
which is common also with the record playback gestalt (induction playback mold) of the head surfacing form 
using the longitudinal medium adopted by the present magnetic recording, or the record playback gestalt 
(magnetic-reluctance playback mold) of the head contact form using a perpendicular medium. 
[0007] It can consider as the policy which reduction-izes fringing, and reduction of the fringe magnetic field 
from the head by the formation of a ** spacing and reduction-ization of the magnetization transition width of 
face of a recording layer can be raised from the former. However, in the conventional magnetic disk, since it is 
impossible, abolishing fringing theoretically needs to consider as the width of recording track it is possible to 
have expected a certain fringe value, and it has become the inhibition factor of narrow-track-izing. 
[0008] Moreover, the present condition is recording a magnetic servo signal and a magnetic address signal into 
a recording layer using a servo writer, and carrying out by using this servo information during real actuation 
about positioning of a head, after installing a magnetic-recording disk and the magnetic head in a drive. 
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However, since tracking precision is restricted to the mechanical precision of a head as long as a magnetic- 
recording layer is the flat side which continues simply, this is also the inhibition factor of narrow-track-izing. 
[0009] One approach of the formation of high precision tracking is a discrete truck indicated by JP,2-201730,A. 
This prepares physical irregularity in the magnetic-disk substrate beforehand, forms a magnetic-recording layer 
on this, and performs a truck servo using the difference between the signal from a crevice, and the signal from 
heights. By such PERM (Pre Embossed Rigid Magnetic) disk, tracking precision is determined in the precision 
of physical irregularity prepared in a substrate, and irregularity can realize highly precise-ization whose amount 
of fluctuation is 0.01 -micrometer order extent, if it prepares according to an optical disk substrate process. 
[0010] Since the member which makes a guard band in the above-mentioned PERM disk is an elastic resist, it is 
tended alternatively however, to wear only a resist out. It cannot be synthetically said to be a highly precise-ized 
technique from it being necessary to cover a disk front face with a hard protective coat, and being hard to form 
it into a ** spacing, in order to prevent this wear. 

[001 1] The thick film of the organic system represented by the resist is prepared on a substrate, it carries out 
pressing a concave convex stamper against it etc., physical irregularity is prepared in an organic film top face, 
and the magnetic-recording medium by which a magnetic-substance thin film is embedded all over a crevice, 
and the organic film and the magnetic-substance film make a flat side substantially is indicated by JP,2- 
189715,A. By this magnetic-recording medium, since the organic film exists, for forming an interface invalid 
layer in the magnetic-substance film lower part thickly, and obtaining the magnetic-substance film of a 
predetermined property, the lower part of the magnetic-substance film does not obtain a thick kink colander, 
and cannot say thickness of the magnetic-substance film as a densification technique too from superresolution 
record being difficult. Furthermore, since the high permeability film cannot be prepared in the record magnetic- 
substance film lower part in this conventional technique, application to the vertical magnetic recording expected 
as a future high density record technique is difficult. 

[0012] Moreover, to the field between recording tracks of a magnetic-recording layer, carry out carrying out 
laser radiation etc., a record function is made to lose, and the ion implantation or the technique to make is 
proposed as the guard band by the Japanese-Patent-Application-No. No. 205257 [ five to ] official report. 
However, with this conventional technique, since the affected zone of a recording layer is used for a guard 
band, there is a trouble that it is difficult to form a homogeneous guard band, and the boundary of a recording 
track and a guard band becomes indefinite. 

[0013] By the way, a "magneto-resistive effect" is the effectiveness that electric resistance changes with 
external magnetic fields, and there are a phenomenon (AMR) in which the electric resistance value of the 
magnetic-substance thin film for (a) playback changes depending on the relative include angle of the sense of a 
current and the sense of magnetization of the playback magnetic substance, a phenomenon (GMR) in which 
resistance changes by whenever [ angular relation / of the magnetization between the magnetic layers to which 
the laminating was carried out through the (b) non-magnetic layer ], etc. This has the features that playback 
sensibility is very high as compared with the conventional induction playback, and regenerative-signal 
reinforcement is not dependent on a head travel speed. 

[0014] Four kinds of the granular structure which distributed the magnetic particle, for example, NiFe/Ag, and 
the magnetic artificial grids structure which carried out the laminating of many magnetic-substance thin films 
and many conductive nonmagnetic thin films by turns, for example, (Co/Cu), n film **, are raised into the spin 
bulb structure which uses an anisotropy magneto-resistive effect, for example, put the conductive nonmagnetic 
membrane with NiFe monolayer and two magnetic-substance thin films as structure of the magnetic substance 
used for a magnetoresistive head, for example, CoFe/Cu/CoFe 3 layer membrane, and a conductive 
nonmagnetic member. 

[0015] Among these, since the thing of monolayer structure is comparatively simple for creation of a 
component, it is in practical use level, but since resistance rate of change is only about 2% at most, when 
detailed-ization of a record magnetic domain, i.e., micrifying of a playback field, will progress further from now 
on, it is supposed that it is inadequate in playback sensibility. 

[0016] Moreover, although granular structure and magnetic artificial grids structure present several 10% or 
more of resistance rate of change and whenever [ expected ] will be very high in the future, when obtaining a 
big resistance change, in order to require the big field of number kOe- number lOkOe, playback of a minute 
medium field is made difficult in the present condition. 
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[0017] Then, the spin bulb structure which presents about 10% of practically sufficient resistance rate of change 
by comparatively small field change of less than hundreds of Oes attracts attention, and the utilization is most 
expected as a next playback component of monolayer structure. With the relative sense of magnetization of two 
magnetic-substance thin films, the playback principle of spin bulb structure is in the place where electrical 
resistivity changes, and fixes the sense of magnetization of one magnetic-substance thin film in fact, and it 
makes the sense of magnetization of another magnetic-substance thin film follow in footsteps of sense of a 
medium field, changes the relative sense relation of magnetization of two magnetic-substance thin films, and it 
is used for it. For immobilization of magnetization of the magnetic-substance thin film of one side, switched 
connection is carried out to this film by using the high magnetic-substance film of coercive force as the 
magnetization fixing film, and it considers as the magnetization fixed film. Since the magnetic-substance thin 
film of one side follows in footsteps of a medium field and the magnetization rotates it, this is already written as 
the "magnetization rotation film" below. If it is important for the sense of magnetization of this magnetization 
rotation film in the condition that there is no medium field to consider as the sense and the rectangular condition 
of magnetization of the magnetization fixed film when securing the symmetric property of a regenerative signal, 
and relation with the sense of a medium field is also included The magnetization direction of the magnetization 
fixed film is set up in the direction perpendicular to a medium field and the same direction, i.e., a medium side, 
and, as for the magnetization direction of one magnetization rotation film, it is desirable that it is suitable 
crosswise [ of a medium / truck ] in the condition that there is no medium field. 
[0018] Some methods are adopted as the setup of the magnetization direction of the above-mentioned 
magnetization fixed film and the magnetization rotation film. Use of the magnetization fixing film is common 
to a setup of the magnetization direction of the magnetization fixed film, and the following two approaches are 
proposed by setup of the magnetization direction of one magnetization rotation film. There is a method of using 
for the 1 st the field generated according to a sense current, and there is switched connection or the approach of 
carrying out magnetostatic association about the hard film for impressing a moderate bias field to the 2nd also at 
the magnetization rotation film. 
[0019] 

[Problem(s) to be Solved by the Invention] However, by the approach using the former sense current, since the 
bias field to that high power-ization by high-current-izing cannot be attained since a sense current value is 
prescribed by the bias field to the magnetization rotation film, and the magnetization rotation film acts on the 
sense which reverses the magnetization direction to the magnetization fixed film, it has troubles — it is hard to 
secure the dependability on actuation. 

[0020] On the other hand, by the approach using the latter hard film bias, the membrane structure of a head is 
complicated, a manufacture process routing counter increases, and there are troubles, like it is difficult to offer a 
head cheaply. 

[0021] As mentioned above, although the example of spin bulb structure was taken and the importance of the 
bias at the time of using a magneto-resistive effect component and a concrete means were explained, it is 
required to make rotation of magnetization into the symmetry to the sense of a medium field practically, when 
using the magneto-resistive effect film of which other structures, when preventing waveform distortion, and to 
the magneto-resistive effect film, with a certain means, bias of the field is carried out and it uses. 
[0022] The purpose of this invention can reduce the side fringe of a record magnetic domain, and is to offer the 
magnetic disk which can raise the positioning accuracy of the magnetic head also at the time of a ** spacing, 
and its manufacture approach. 

[0023] Moreover, the purpose of this invention can be set as the thickness which can high-resolution record the 
thickness of the record magnetic-substance film, can be applied also to a future vertical magnetic recording or 
contact record, and is to offer the magnetic disk suitable for especially a magneto-resistive effect mold 
recording head in which high density record is possible, and its manufacture approach. 

[0024] Furthermore, the purpose of this invention can pass a big sense current to the magneto-resistive effect 
mold record reproducing head, and the operational reliability of a head can be secured and it is to offer the 
magnetic disk which can manufacture a head cheaply, and its manufacture approach. 

[0025] Furthermore, the purpose of this invention has few side fringes, and they are to offer the magnetic disk 
which enables actuation of the ** spacing record by which the tracking servo property was stabilized, or contact 
record, and its manufacture approach. 
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[0026] Furthermore, the purpose of this invention is to offer the magnetic recording medium in which high 
density record is possible with large capacity. 

[0027] The recording track section built with the magnetic member which the magnetic disk concerning this 
invention is formed on a substrate and this substrate, and carries out record playback of the information 
magnetically, The guard band member which was prepared so that it might continue in the direction of a truck 
substantially between said recording track sections which adjoin mutually, and was built with the nonmagnetic 
ingredient more firmly than said magnetic member, It is characterized by preparing the magnetic member of 
different thickness from the thickness of the magnetic member which it provides, and the above-mentioned 
magnetic member does not exist in the lower part field of the above-mentioned guard band member, or makes 
the above-mentioned recording track section. 

[0028] The process which forms the magnetic layer which consists of a magnetic material on the substrate with 
which the manufacture approach of the magnetic disk concerning this invention has a flat front face in (a) real 
target, (b) The process which carries out pattern formation of the guard band tooth space which specifies the 
recording track section which adjoins mutually so that a part of this magnetic layer may be removed and it may 
continue in the direction of a truck substantially, (c) The process which fills this guard band tooth space with 
the guard band member which consists of a nonmagnetic ingredient more firmly than the magnetic material 
which makes said magnetic layer, (d) It is characterized by having the process processed so that the front face of 
this guard band member and said magnetic layer may become flat respectively substantially. 
[0029] the above-mentioned guard band member — a disk front face — even appearing — it may be the same as 
the thickness of a magnetic member, and the thickness may be thicker than this and may be [ that what is 
necessary is just to be ] thinner than this. 

[0030] Moreover, it is desirable that it is made of nonmagnetic hard material, and a guard band member is Si02, 
aluminum 203, and Ti02. It is desirable that it is made of one of polymerization compounds among a nitride 
like an oxide [ like ], Si3 N4, A1N, and TiN, carbide like TiC, boride like BN or C system, CH system, and CF 
system. Since a guard band member is nonmagnetic, the problem of a side fringe is solved nearly completely. 
Moreover, a guard band member becomes what excelled the magnetic member in contact start stop (CSS) 
resistance since it was hard, and was excellent in endurance also in the contact recording method of further the 
future. 

[0031] In the magnetic disk of this invention, the magnetic member itself is making detailed concave convex 
physical form status change-ization. It is desirable to embed a guard band member to the heights front face of a 
magnetic member in the crevice of this magnetic member, and for a disk front face to make a flat side 
substantially. The shape of toothing of a magnetic member is important, and when reducing side fringing and 
performing highly precise tracking, it is desirable to be substantially prepared in the direction of a recording 
track continuously. The high precision tracking similar to an optical disk of it becomes possible at the same 
time the problem of side fringing is essentially solvable, because a guard band member takes such a gestalt. 
[0032] Here, although there is nothing, the need that the semantics of "continuing substantially" covers a truck 
round and the guard band member is not necessarily continuing covers the magnetic servo information record 
part which will be prepared if there is a record magnetic-domain train formation part or need, succeeding the 
direction of a truck, is clear and should just be. the configuration in which the shape of more desirable toothing 
continues in said direction of a truck carried out substantially — in addition, the address signal which will be 
prepared if there is need in the direction of a truck in addition to the configuration which carries out 
abbreviation continuation is the gestalt by which information record is carried out as formation of a form status 
change of a record magnetic layer. If such a gestalt is taken, the need for the servo lighting currently carried out 
from the former will completely be lost. 

[0033] moreover, a high density record top — as the effectiveness of important this invention — record — the 
improvement in resolution, i.e., the improvement in track recording density, can be raised. By separating a 
record magnetism member for every recording track section by the nonmagnetic guard band member, the 
magnetic shape anisotropy of a magnetic member is given in the direction of a recording track, and this requires 
fluctuation of the regenerative signal in the magnetization transition section for becoming small. 
[0034] The guard band member and the magnetic member side which are embedded at the concave heights of a 
record magnetism member are substantially become unnecessary to prepare a wear-resistant protective layer on 
a flat side, then a recording layer. In such a case, it is the most desirable gestalt when reducing spacing loss. 
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When making the recording surface of a disk carry out contact transit of the magnetic head, a guard band 
member has the role of the guide rail to which it shows the magnetic head. In addition, by the contact recording 
method, if the record magnetism member is exposed, when sufficient dependability will not be acquired, a 
protective layer may be prepared. As for a protective layer, it is desirable that it is the hard nonmagnetic 
member which consists of the same quality of the material as a guard band member. 

[0035] Furthermore, the larger one of the electric resistance of a guard band member than the electric resistance 
of a magnetic member is desirable. When taking into consideration record playback of a magneto-resistive 
effect method, as for a guard band member, it is desirable to have insulation electrically compared with a record 
magnetism member, and it is desirable to have a value [ at least ] higher about single figure than a record 
magnetism member as resistivity. If it does in this way, when contact playback is carried out using the 
magnetoresistive head of a horizontal energization method, a current can also solve the problem of revealing to 
a medium and reducing a playback output. 

[0036] Since Co system ingredient used for the usual magnetic disk, for example, CoNiPt, CoPt, CoPtCr, 
CoTaCr, CoNiCr, CoCr expected as a future vertical-magnetic-recording ingredient, CoPtO, and itself are hard 
as a magnetic member, the ingredient system which distributed Ba ferrite system, Fe system, or Co system 
particle currently studied as a contact record ingredient in the hard matrix can be used. 
[0037] In addition, although a substrate may be arranged directly at the substrate of a record magnetism 
member, it is good to form the high permeability film, for example, the NiFe film etc., as closed magnetic 
circuit formation film to perpendicular media, such as NiP and Cr, to the medium within a field as orientation 
control film preferably. Although especially the ingredient of a substrate is not limited, aluminum and glass are 
usually used. Furthermore, it is desirable to use the glass substrate which is excellent in chemical resistance. 
[0038] It be prepare so that it may continue in the direction of a truck substantially between a substrate , the 
recording track section built with the magnetic member which be prepare on this substrate and carry out record 
playback of the information magnetically , and said recording track section which adjoin mutually , and the 
magnetic member which make the above-mentioned recording track section be build with a magnetically 
different ingredient , and the magnetic disk concerning this invention be characterize by to have the magnet 
member which supply a direct current field outside . 

[0039] The process which forms the magnetic layer which consists of a magnetic material on the substrate with 
which the manufacture approach of the magnetic disk concerning this invention has a flat front face in (A) real 
target, (B) The process which carries out pattern formation of the tooth space which specifies the recording 
track section which adjoins mutually so that a part of this magnetic layer may be removed and it may continue 
in the direction of a truck substantially, (C) — die process filled with the magnet member which is built with a 
magnetically different ingredient from said magnetic material in this tooth space, and supplies a direct-current 
field outside, and (D) ~ it is characterized by having the process processed so that the front face of this magnet 
member and said magnetic layer may become flat respectively substantially. 

[0040] "In succession", it means that the magnet member should just exist in record/playback part of an 
information signal at least substantially [ the direction of a truck ]. Therefore, there may be a magnet member in 
an address information field and a servo information field, or you may not be, and it is the thing of arbitration. 
[0041] Moreover, address information and servo information may be established with a magnet member pattern, 
and in such a case, the magnet member of this part is continuing in the direction of a truck substantially, and it 
does not matter that there is nothing. 

[0042] Although it is common to consider as a direction parallel to a recording track parallel to a medium side 
as for the direct-current field generated outside (the direction of a head) from a magnet member, when using the 
magnetic-reluctance playback component of a vertical energization method, it is good to make it generate at 
right angles to a medium side. 

[0043] Furthermore, a magnetic disk may be equipped with a substrate layer, a protective layer, a lubricating 
layer, etc. if needed. 

[0044] It is desirable to use Co-P, the Co-nickel-P plating film, the Co-nickel vacuum evaporationo film, Ba 
ferrite spatter film, Co-Pt, Co-Cr, Co-nickel-Cr, Co-Cr-Ta, and Co system spatter film of Co-nickel-Pt for a 
magnetic member. 

[0045] As long as a magnet member is an ingredient which has big coercive force in extent from which the 
magnetization direction does not change with the record media of the magnetic head, it may be the thing of 
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what kind of the quality of the material. The magnitude of a generating field is important and this can be 
adjusted also by preparing the soft magnetism film in the size (width of face and thickness) of a magnet 
member, and the substrate of a magnet member in addition to the value (value depending on a material property 
and the manufacture approach) of magnetization of a magnet member. For example, as a magnet member, bulk 
magnet ingredients, such as a ferrite system, a SmCo system, and a NdFeB system, may be thin-film-ized, and 
may be used, and a high coercive force thin film material which is used for the Lords, such as a Pt/Co 
multilayers system, a MnBi system, a TbCo system, and a TbFeCo system, by the magneto-optic-recording 
medium may be used. 

[0046] The recording track section built with the magnetic member which the magnetic recording medium 
concerning this invention is formed on a substrate and this substrate, and carries out record playback of the 
information magnetically, The guard band member which was prepared so that it might continue in the direction 
of a truck substantially between said recording track sections which adjoin mutually, and was built with the 
nonmagnetic ingredient more firmly than said magnetic member, [ whether the above-mentioned magnetic 
member exists in the lower part field of the above-mentioned guard band member by providing, and ] Or the 
magnetic disk with which the magnetic member of different thickness from the thickness of the magnetic 
member which makes the above-mentioned recording track section is prepared is received. The magnetic head 
which reads information magnetically and writes it in, and the control section which writes in, carries out data 
processing of the information, and sends the information which is sent from an external device, and by which 
data processing was carried out to said magnetic head through a read/write circuit, A preparation and the above- 
mentioned magnetic head possess the magnetic resistance element of a spin bulb mold. This spin bulb type of 
magnetic resistance element It connects with the above-mentioned read/write circuit, and is characterized by 
having the nonmagnetic conductive layer inserted between the 1 st magnetic layer by which magnetization was 
perpendicularly fixed to the field of the above-mentioned magnetic disk, the 2nd magnetic layer from which 
magnetization changes with impression fields, and this 2nd magnetic layer and the 1st magnetic layer of the 
above. 
[0047] 

[Embodiment of the Invention] Hereafter, the gestalt of various operations of this invention is explained, 
referring to an attached drawing. 

[0048] Drawing 1 is the expansion perspective view showing some magnetic disks concerning the example of 
this invention. All over drawing, sign 1 a expresses a substrate and a sign 2 expresses a recording layer. The 
recording layer 2 contains guard band member 4a which consists of a different ingredient from record 
magnetism member 2a which makes band-like [ long ] in the direction of a recording track, and record 
magnetism member 2a embedded between record magnetism member 2a. Thus, in the recording layer 2, 
magnetic member 2a and guard band member 4a are periodically arranged by turns by the disk radial 
considering the track pitch as one period. 

[0049] If it sets to T, band-like width of face, i.e., recording track width of face, of record magnetism member 
2a, it sets to G, band-like width of face, i.e., guard band width of face, of guard band member 4a, and the die 
length of a record magnetic domain is set to B, a track pitch will be given by (T+G) and an effectual record 
magnetic-domain area equivalent to the inverse number of surface density will be given by x(T+G) B. In this 
example, 1 .8**0.1 micrometers and guard band width of face G were set to 0.2**0.1 micrometers for the 
recording track width of face T, using the thing of 2.5 inch size as disk substrate la. When these set the aspect 
ratio (a track pitch / shortest bit pitch) of a record eel to 10 like the present magnetic-recording disk and it 
adopts a zone contact angular velocity (ZCAV) method as record on a disk, surface recording density is 
equivalent to the track pitch from which memory capacity is set to 1 .5GB in a 1 .5Gbpsi extent and two-sheet 
disk [ 4th page ] drive. 

[0050] Next, the manufacture approach of a magnetic disk is explained, referring to drawing 2 - drawing 6 . 
Glass disk substrate 1 a [ finishing / washing ] was laid on the processing base of plural magnetron sputtering 
equipment, the spatter of the CoPt (20 atom %Pt) target was carried out for about 1 minute, and record MAG 
layer 2a of the magnetization within a field whose thickness is about 20nm was formed. Furthermore it 
continues and is Si02. The spatter of the target is carried out for 1 minute, and it is Si02 of about lOnm of 
thickness. The film was formed and taken out. 

[0051] Next, Si02 of the disk after this film deposition Exposure processing of the resist 3 was carried out by 
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track pitch 2micrometer and exposure width of face of 0.2 micrometers (the width of face Gl of guard band 
section 4a, G2, G3, — Gn), rotating a disk 1 with high degree of accuracy using the original recording cutting 
equipment for optical disks which makes Kr laser the light source, after carrying out about 50nm spin coat of 
the positive form resist 3 and prebaking it on the film. In addition, time amount which exposure of the whole 
disk surface takes was set as for about 10 minutes. The development was presented and the concentric circular 
resist pattern was formed on recording layer 2a. As shown to FIG2, recording track section 2a of a recording 
layer 2 is Si02. The part which resist covering is carried out through the film and is equivalent to guard band 
section 4a is Si02. It was covered only with the film and the resist suited the condition that there was nothing. 
[0052] Next, the disk 1 which has this resist pattern is inserted in in an RIE system, and it is CHF3. Gas is used 
and it is Si02. For about 30 seconds carried out reactive ion etching of the film. After exposing recording layer 
2of guard band section 4a a, the disk was inserted in in resist-ashing equipment and the resist pattern on 
recording track section 2a was removed. 

[0053] Next, Si02 The disk which has a film pattern was inserted in in the RIE system, the disk was heated at 
about 200 degrees C, and for about 1 minute carried out reactive ion etching of the CoPt film using the mixed- 
gas plasma which uses chlorine and boron trichloride as a principal component. By carrying out etching 
removal to the substrate side of a substrate, as shown to FIG3, the band-like guard band tooth space was formed 
between adjacent CoPt recording layer 2a. Furthermore, as shown to FIG4, the ashing device removed the resist 
3. 

[0054] Next, as a disk with a guard band tooth space is inserted in in a sputtering system, a spatter is carried out 
for about 2 minutes until a guard band tooth space is buried completely, and shown to FIG5, it is a disk front 
face Si02 It covered by the film. This was taken out and it inserted in in ion polishing equipment, and the disk 
side was ground for about 30 seconds until the top face of record magnetism member 2a was exposed. Si02 
which was making the concave convex on the recording layer to coincidence by this Flattening of the film 4 is 
carried out. Consequently, as shown to FIG6, the disk 1 with which band-like record magnetism member 2a and 
guard band member 4a appeared in the front face by turns was obtained. 

[0055] When some obtained disks 1 were destroyed and the cross-section structure was observed with the 
electron microscope, as shown in drawing 1 , the thing in which record magnetism member 2a and guard band 
member 4a do not have a level difference and for which it has a smooth front face substantially was checked. 
[0056] In addition, by production-facility enhancement, the increment of the total process time amount in this 
example is extent which can fully be compensated, and can suppress the rise of disk cost to small extent. 
[0057] Moreover, although it explained per in the above-mentioned example when reactive ion etching was 
used for patterning of a magnetic film, the ion milling method can also be used. In that case, it is Si02 on a 
magnetic film. It is not necessary to prepare, the coat of the direct resist is carried out, after carrying out laser 
exposure, patterning of the magnetic film is carried out by ion milling, and a resist is removed, and it is Si02. 
What is necessary is just to embed and carry out an ion polish. However, process tolerance was excellent in the 
direction of reactive ion etching. 

[0058] In the ingredient which accomplishes the mask or guard band at the time of carrying out patterning of 
the magnetic film, it is Si02. Although ingredients other than record magnetism can be used freely suitably for 
except, a good insulating ingredient is preferably better than a record magnetism member hard. When it is not 
limited to an ingredient, for example, uses C for a mask, mask patterning especially of the manufacture process 
top can be carried out with oxygen gase gas. 

[0059] The actual proof trial which clarifies effectiveness of this invention in the following procedures using the 
magnetic disk of this invention made as an experiment by the above-mentioned manufacture approach was 
carried out. Moreover, according to the conventional technique, the magnetic-recording disk was created in 
order to clarify the effectiveness of this invention in the actual proof trial described below, and it evaluated to 
coincidence. This conventional magnetic-recording disk is what took out the CoPt magnetic layer on the glass 
substrate in the above-mentioned example in the phase which carried out spatter formation (it is henceforth 
written as the comparison disk A), a 20nm CoPt recording layer, and lOnm Si02. They are two kinds of what 
took out the layer (it functions as a protective layer in the conventional technique) in the phase which carried 
out the spatter (it is henceforth written as the comparison disk B). 

[0060] The result hereafter examined about the disk (henceforth the example disk C) concerning the example of 
this invention and the comparison disks A and B is explained. 
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[0061] First, static magnetic properties were measured using vibrating sample ignition-magneto meter 
(henceforth VSM) per [ which was respectively created on the same conditions ] sample with the obtained disk 
sample. Since the disk sample of this invention possessed the nonmagnetic member other than a record 
magnetism member in the recording layer, based on the cross-section electron microscope observation result, 
the magnitude of magnetization was determined in quest of the volume of a net magnetic member. 
[0062] It seemed that magnetization of the magnetic member of a recording layer had the easy shaft in a truck 
and parallel by the example disk C although it was as perpendicular as the truck parallel direction and the 
significant difference was not looked at by the VSM loop formation by the comparison disks A and B as a result 
of being two kinds of a direction perpendicular to a direction parallel to the recording track of the film surface 
Uchihira side shown in drawing 1 and measuring VSM measurement. Since the magnetic member had shape 
anisotropy in parallel with a recording track, this is considered, and it can be considered that a magnetic- 
recording top is a desirable thing. 

[0063] As for the magnitude of saturation magnetization, the example disk C and the comparison disks A and B 
were not seen, as for about 650 emu(s)/cc and a significant difference. 

[0064] Among the comparison disks A and B, although there was no significant difference and it was 2kOe 
extent, as for coercive force, the case where the case where values differed in the measurement direction in the 
example disk C, and a field is impressed to a truck parallel direction impressed a field to 2.5kOe(s), a truck, and 
a perpendicular direction showed 1.5kOe(s) and the value reflecting shape anisotropy. Although it was 
important for the densification top of magnetic recording that it is high coercive force, since the record magnetic 
domain was arranged in the direction of a recording track, also when shortening record wavelength, as for the 
structure of the magnetic-recording disk of this invention, the effective thing became clear from a viewpoint of 
static magnetic properties on densification. 

[0065] Next, the 2.5 inch disk for an example and a comparison (the lubricant was applied) was installed in the 
magnetic-disk testing device, and comparative evaluation of tracking servo precision and record playback 
actuation were performed. The magnetic head used the thin film head of the horizontal energization magneto- 
resistive effect playback mold specially made as an experiment so that narrow track actuation of this invention 
might be possible. The flying height in rated revolution actuation was set to 0.04 micrometers by the example 
disk C and the comparison disk A, and it is referred to as 0.03 micrometers and made the width of recording 
track of the magnetic head set record playback to 2 micrometers, and for a head-media spacing to be set to 0.04 
micrometers by every disk by the comparison disk B, when clarifying effectiveness of this invention. Moreover, 
the control system which carries out alignment of the magnetic head to the radius of the arbitration on a disk, 
and carries out tracking so that a suitable signal may be recorded and a regenerative signal may become max to 
a mechanical truck gap was used. 

[0066] First, the result of a tracking performance test is described. The tracking property after the example disk 
C and the comparison disks A and B record a suitable signal was mostly in agreement. Next, a signal is 
recorded on the next truck, without recording on an adjoining truck. The place which sent the head to the truck 
which was not recorded and continued rotation of a disk, Originate in the disk for a comparison which acquires 
a tracking signal only from a magnetic-recording signal running short of the mechanical rotation precision of a 
spindle motor, and a gap of a truck is generated gradually. Since the magnetic disks of this invention completely 
differed in a magnetic signal output with the guard band section also by truck in the condition of not recording, 
to having come to reproduce the record signal of an adjoining truck gradually, there was no generating of a 
tracking gap. Therefore, since there is no need of filling in a tracking servo signal beforehand, format 
effectiveness improves, user data volume increases, especially when driving by actual drive with the magnetic 
disk of this invention, and also an address signal can be filled in at the time of magnetic film patterning of disk 
creation time, it is clear that there is no need for a servo lighting. 

[0067] Next, off-track playback actuation and over-writing actuation estimated the side fringe property at the 
time of recording a narrow track pitch as shown in drawing 1 . The used magnetic head is the same as that of 
what was used for the above mentioned tracking evaluation. First, the off-track was applied little by little, 
applying offset to a tracking signal, after performing signal record on the truck of a suitable location, and the 
relation between the amount of off-tracks and regenerative-signal reinforcement was measured. Consequently, 
since it observed with the magnetic-force microscope (henceforth MFM) on both sides of the head width of 
recording track by the comparison disks A and B and the every about 0.2 micrometers side fringe was 
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generated, when the off-track of the about 2.2 micrometers was not carried out, to a signal output having not 
carried out nominal cost to zero level, by the disk of this invention, there is no generating of a side fringe at 
MFM observation, and the signal output fell to zero level on the 2-micrometer off-track, i.e., adjoining truck. 
[0068] Furthermore, as a result of performing signal record on three trucks which adjoin each other on the same 
frequency, then recording the signal of one 1 .5 times the frequency of this on the truck of middle and 
investigating an exaggerated light property and a cross talk property, while gathering the signal of an adjoining 
truck, there is no adjoining truck signal and sufficient exaggerated light property was acquired with the disk of 
this invention to having been hard to acquire sufficient exaggerated light property by comparison disks A and 
B. Therefore, it was proved that the example disk C had big effectiveness to narrow-track-izing. 
[0069] Next, the contact start stop trial (henceforth a CSS trial) was presented with three kinds of disks of the 
example disk C and the comparison disks A and B, and the abrasion resistance was investigated in order for one 
of the further effectiveness of this invention to clarify. Protection- from-light observation was carried out and the 
CSS trial investigated investigating time amount (warm-up time) until it results [ from rotation starting of a 
disk ] in a rated revolution, and the disk surface state after 50,000 pass trials. By the comparison disk A of only 
the lubricant which does not have the protective coat on the flat magnetic film, warm-up time showed the 
unusual value of several 10 seconds with hundreds pass extent, and, as for the comparison disk B which has 
both the protective coat of structure, and a lubricant conventionally, after 50,000 pass maintained about 2.5 
seconds and normal values, as for warm-up time. It is Si02 although it does not have a protective coat on the 
magnetic film of this invention to these. By the example disk C which has a guard band, the same result as the 
comparison disk B was obtained, and, especially as for wear, the result of protection-from-light observation was 
not accepted, either. Thereby, since it ran while the head was guided by the hard guard band member, even 
when the example disk C had no protective coat, it could prove that the same strong abrasion resistance as a 
case with a protective coat was shown, and it was checked that it is advantageous also when [ narrow ] spacing- 
izing. 

[0070] Furthermore, the head load was made to increase in the condition of having energized to the reproducing 
head in order to prove a predominance in magneto-resistive effect reproducing-head playback, the head was 
contacted to the medium side, and the driving test was performed. By the comparison disk A, regenerative- 
signal reinforcement fell below to one half at the moment of making it contact. This is because the current 
shunted toward the conductive recording layer. 

[0071] Moreover, by the disk B for a comparison, even if it carried out contact transit, the fall of a regenerative 
signal was not seen, but when the trial which performs contact actuation continuously was performed several 
times, there was a case where a signal stopped coming out suddenly. When the magnetic head [ a signal ] no 
longer coming out of was investigated, having resulted in dielectric breakdown became clear. Since the 
protective coat of a disk is insulation, static electricity accumulates this in rotation actuation, and since it 
concentrated on the head and caused discharge, it is considered. 

[0072] On the other hand, by the example disk C, although the regenerative-signal reinforcement at the time of 
contact transit fell about 10% rather than the time of surfacing, even if it performed the contact playback trial 
continuously, dielectric breakdown was not generated at all. It is because the fall of a signal is isolated with the 
guard band of insulation [ recording layer / of conductivity / one / few ] compared with the comparison disk A, 
and it is thought of because the disk side is not completely covered by the insulating protective coat that 
dielectric breakdown does not occur. 

[0073] Although the above-mentioned example described the case where especially a substrate layer was not 
prepared, using CoPt as a record magnetic material, this invention can receive limitation neither in the class of 
record ingredient, nor especially the existence of a substrate, but can use freely CoNiPt, CoCrPt, CoTaCr, 
CoNiCr, CoCr of perpendicular magnetization, etc. as a record ingredient. Moreover, even if the NiP deposit, Cr 
orientation control layer or a NiFe soft magnetism layer, etc. is prepared in the substrate, it can carry out. 
[0074] Furthermore, a guard band member is not restricted for seeing, although shown in drawing 1 and 
drawing 6 . As shown in drawing 7 , cross-section [ of V characters ]-like guard band member 4b may be 
prepared to the middle of the thickness of magnetic member 2a. Such guard band member 4b is formed by using 
the special etching method while controlling the crystal orientation of magnetic member 2a in the 
predetermined direction. In addition, guard band member 4b may be a cross-section ellipse configuration 
besides the shape of the cross section of V characters. 
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[0075] Moreover, as shown in drawing 8 , cross-section rectangle-like guard band member 4c may be prepared 
to the boundary of the substrate layer 5 of the lower part of magnetic member 2c, and a substrate 1 . Such guard 
band member 4c can be formed also to the medium which has the substrate layer 5, and record playback of high 
density can be realized. 

[0076] Furthermore, as shown in drawing 9 , 4d of guard band members of a cross-section ellipse configuration 
may be formed so that it may enter into a part of substrate la. In the medium 1 without a substrate layer, 4d of 
such guard band members can be formed to the middle of substrate la, and record playback of high density can 
be realized. 

[0077] According to this invention, by separating the record magnetism member of each other by the hard guard 
band member, a side fringe is reduction-ized sharply and narrow track-ization becomes easy, moreover, the 
place which high endurance can be attained even if there is no protective coat, ** spacing-ization becomes easy, 
and ** bit pitch-ization becomes easy, and contributes to the densification of magnetic recording synthetically — 
it is great. Furthermore, the magnetic disk which can be formed and its manufacture approach of a hard guard 
band member are offered, without causing expensive rank-ization. 

[0078] Moreover, the degree of freedom to the film which is arranged in the recording layer lower part 
according to this invention is high, and when it is a medium within a field, it becomes easy it to become easy to 
carry out to arrange the orientation control film etc. and to set record magnetism thickness as the thinness 
corresponding to high density record, it to carry out to arrange a high permeability layer in the recording layer 
lower part by the perpendicular medium etc., and to strengthen a record playback field. Moreover, since CSS 
resistance can be sharply improved by adopting a hard guard band member, it is fully applicable also to a 
contact recording method in the future. Furthermore, if an insulating guard band member is adopted, it will also 
be possible to contact a magneto-resistive effect mold head to a disk side, and it will greatly contribute to the 
densification of magnetic recording synthetically. 

[0079] Next, a magnetic recording medium and the magnetic head are explained, referring to drawing 10 - 
drawing 13 . 

[0080] As shown in drawing 10 , a disk 1 is laid on the turntable of a magnetic recording medium 20, and spin 
rotation of the disk 1 is carried out by the spindle motor 21 . The magnetic head 22 is formed in the point of an 
arm 28. The end face section of an arm 28 is supported by the voice coil motor (VCM) 29. 
[0081] As shown in drawing 1 1 , it connects with each of the spindle driver 31, the VCM driver 39, and the 
hard disk drive (HDD) controller 33, and a microprocessor 35 sends a control signal to these. This 
microprocessor 35 performs both servo control and data processing. For example, in order to control actuation 
of VCM29, while a microprocessor 35 performs per second 3000 samplings, it generates the digital signal for 
servo control. D/A conversion of this digital signal is carried out, and it is used for control of the VCM driver 
39. Drive control of VCM29 as an actuator of an arm 28 is carried out by this, and the magnetic head 22 is 
approached or contacted in the request part of the recording surface of a disk 1. Moreover, a microprocessor 35 
controls a motor 21 and the spindle driver 3 1 so that a disk 1 rotates at a request rate. 

[0082] Furthermore, processing of writing/read-out is also performed under the monitor of a microprocessor 35. 
That is, a microprocessor 35 exchanges the HDD controller 33 and a signal, signal-izes the data which should 
be recorded on a disk 1, and sends this to the magnetic head 22 through the read/write circuit 32. On the other 
hand, the HDD controller 33 is connected to the external host computer (not shown) through the host interface 
34. The data which should be recorded on a disk 1 are inputted into the HDD controller 33 from a host 
computer, this input data is once sent to a microprocessor 35, data processing is carried out by the 
microprocessor 35, and this is further returned to the HDD controller 33. In addition, when two or more heads 
are carried in the arm 28, a microprocessor 35 performs these multiplexing processings. 
[0083] Next, the magnetic head is explained, referring to drawing 12 and 13. 

[0084] Drawing 12 is drawing having shown the theoretic configuration of the magnetic-head unit 22 typically. 
A recording head 23 and the reproducing head 24 are carried in the magnetic-head unit 22. A recording head 23 
is an induction type head equipped with the device in which the coil was wound around a record magnetic pole 
which is usually used thin film type. This recording head 23 records a data signal on a magnetic disk 1 by 
supplying the record current according to a data signal from record amplifier (not shown) through a terminal 25. 

[0085] The reproducing head 24 is a giant magneto-resistance mold head (GMR head) which used the spin bulb 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgiejje 6/2 1 /2005 



JP,09-097419A [DETAILED DESCRIPTION] 



Page 11 of 14 



mold magnetic resistance element (MR component). This reproducing head 24 reproduces the data signal 
recorded on the magnetic disk 1 , and the servo signal beforehand recorded in advance of record of a data signal. 
A sense current is supplied to MR component of the reproducing head 24 from a sense circuit (not shown) 
through a terminal 26. Moreover, change of the magnetic reluctance of MR component by the field based on the 
signal recorded on the magnetic disk 1 is taken out from a terminal 26 as the electrical-potential-difference 
change by the sense current, i.e., a voltage signal, and this voltage signal is supplied to playback amplifier (not 
shown). 

[0086] As shown in drawing 13 , the spin bulb mold MR component of a recording head 23 equips pin layer 
(1st magnetic layer) 23a, free layer (2nd magnetic layer) 23b, nonmagnetic conductive layer 23c, and a list with 
1 pair of lead 23d. As for pin layer 23a, magnetization is being perpendicularly fixed to the field of a magnetic 
disk 1 . As for free layer 23b, magnetization changes with impression fields. Nonmagnetic conductive layer 23c 
is inserted between pin layer 23a and free layer 23b. It connects with the truck cross direction both ends of pin 
layer 23a 1 pair of lead 23d. The terminal 25 is connected to each lead 23d, respectively. Each terminal 25 is 
connected to the read/write circuit 32. 

[0087] Pin layer 23a and free layer 23b consist for example, of Co-Fe film, and nonmagnetic conductive layer 
23c consists for example, of Cu film. Here, orientation of the free layer 23a is carried out so that magnetization 
may be equal to a magnetic-disk side in parallel crosswise [ truck ]. If a signal field is impressed to MR 
component of a recording head 23, the magnetization direction of free layer 23b will be decided, and the electric 
resistance of MR component seen among [ one pair of] lead 23d by the relation between the magnetization 
direction of this free layer 23b and the magnetization direction of pin layer 23a will change. The change 
phenomenon of this electric resistance is giant magneto-resistance. 

[0088] Next, the gestalt of other desirable operations of this invention is explained, referring to drawing 14 - 
drawing 19 . 

[0089] By drawing 14 , in a substrate and a sign 2, a recording layer and a sign 1 1 show a magnet member, and 
a sign 12 shows [ sign la ] a record magnetism member, respectively, this operation gestalt — as a record 
magnetism member 12, the TbCo film of 20nm thickness was used as a magnet member 1 1 , and the glass 
substrate of the diameter of 2.5 inch was respectively used for the CoPt film of 20nm thickness as substrate la. 
[0090] The recording layer 2 equips the disk radial with the magnet member 1 1 and the record magnetism 
member 12 by turns. The record magnetism member 12 forms recording tracks Tl and T2 and — Tn, 
respectively, and the magnet member 1 1 forms the fields Ml and M2 between recording tracks and — Mn which 
generate a direct-current field, respectively. In the case of a longitudinal record medium, the sense of 
magnetization of the record magnetism member 12 is parallel to a recording track, and, in the case of a vertical 
recording medium, it is perpendicular to a film surface. 

[0091] On the other hand, when operating the sense of magnetization of the magnet member 1 1 by the 
magnetoresistive head of a horizontal energization method, it is perpendicular to a film surface, and when 
making it operate by the magnetoresistive head of a vertical energization method, it is perpendicular to 
recording tracks Tl and T2 and — Tn within a film surface. In addition, even if it is a horizontal energization 
method and is a vertical energization method, the sense of magnetization of the magnet member 1 1 is good to 
set it as the reverse sense for every truck. 

[0092] Magnetic-disk ID shown in drawing 14 can be manufactured by the following approaches. On glass 
substrate la which constitutes a flat side, the flat CoPt film is formed by sputtering, and it continues first, and is 
Si02. The film is formed to lOnm thickness. Subsequently, Si02 The spin coat of the resist is carried out on the 
film, using the laser aligner used for original recording cutting of an optical disk, a resist is exposed 
concentrically, a development is carried out, and patterning of a resist is performed. 

[0093] Next, a substrate 1 is inserted in in an RIE system, for example, it is CHF3. Si02 film is etched using 
gas. Furthermore, ashing removes a resist pattern and it is Si02 on the CoPt film. A pattern is formed. 
Subsequently, it etches until it reaches [ chlorine ] a substrate side in a CoPt magnetic film using the mixed gas 
of boron trichloride with an RIE system. 

[0094] Furthermore, the excessive TbCo film which formed the TbCo perpendicular magnetic anisotropy films 
of the high coercive force (lOkOe extent) near a compensation presentation (Tb;22 atom % extent) to 20nm 
thickness magnetically using the sputtering system, and was formed on the record magnetism member 12 using 
ion polishing equipment after that was removed, and magnetic-disk ID was obtained. 
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[0095] Rather than the CoPt film used for the record magnetism member 12 by the amorphous alloy, since the 
TbCo film used as a magnet member 1 1 was a high degree of hardness, disk evaluation was presented with it, 
without forming especially a protective coat as it is. 

[0096] By the way, before presenting evaluation with the obtained disk, it is necessary to set up the initial 
magnetization direction of the magnet member (magnet layer) 1 1 . This was performed using the magneto-optic- 
recording equipment equipped with the Ayr spindle motor which can be positioned highly precise. First, disk 
ID is installed in magneto-optic-recording equipment. And impressing a record field perpendicularly to a film 
surface, and carrying out vertical reversal of the sense of a record field for every truck, convergent radiotherapy 
of the semiconductor laser light was carried out to the TbCo film 1 1 , it continued facing up or downward on one 
truck, membranous magnetization was prepared uniformly, and the optical head was concentrically sent to the 
disk radial by the 2-micrometer track pitch. Thus, disk ID to which the magnetization direction of the magnet 
layer 1 1 was set was installed in the magnetic-recording playback testing device, and was evaluated. 
[0097] Drawing 1 5 is the mimetic diagram expecting and showing the magnetic-reluctance playback mold 
magnetic head used for the evaluation trial of magnetic-disk ID from the ABS side of the playback section. The 
magnetic head shown in drawing 15 is specially made as an experiment, in order to evaluate magnetic-disk ID 
of this operation gestalt. the inside of drawing — in the magnetization rotation film and a sign 42, a conductive 
nonmagnetic membrane and a sign 8 express the magnetization fixing film, and, as for a sign 6, the 
magnetization fixed film and a sign 7 express [ a sign 41 ] an electrode layer, respectively. 
[0098] the magnetization rotation film 41 and the magnetization fixed film 42 — the CoFe film — FeMn was 
used for the magnetization fixing film 8, and Cu was respectively used for the conductive nonmagnetic 
membrane 7 for Cu at the electrode layer 6. The sense of the magnetization of the magnetization fixed film 42 
by which presents heat treatment among the field in a vacuum by the final process of a head prototype, and 
switched connection is carried out to the magnetization fixing film 8 and it was set as the sense (namely, 
direction perpendicular to a medium side) which goes to a background from the space side front of drawing 15 . 

[0099] The actually used head formed the NiFe up magnetic pole in the upper part through an insulator layer, 
magnetic shielding, the CoZrNb film that served both as the bottom magnetic pole of record, and a record gap, 
and record and regenerative-track width of face were set to 2 micrometers. The magnetic disk of this example 
was rotated, the magnetic head was surfaced by 0.04 micrometers of flying heights, and the record playback 
trial was carried out. Consequently, with the magnetic disk of this example, since the magnetic signal from the 
record magnetism member 12 differed from the magnetic signal from the magnet member 1 1 also in the 
condition of not recording, it was stabilized even if it was the case where especially a servo light was not carried 
out, and tracking actuation was able to be realized. One of the effectiveness of this invention was proved [ this ]. 

[0100] Next, as shown in drawing 16 , informational record playback was performed to magnetic-disk ID of 
this operation gestalt using the above-mentioned magnetic-reluctance playback mold magnetic head. Drawin g 
16 is the cross section showing the appearance of the magnetization rotation film 41 of a head, and a record 
medium which runs the recording track top in the working condition of not recording. 

[0101] Impression of the record signal to a record magnetic pole and the horizontal energization (it energizes to 
the opposite sense to the arrow head illustrated in the magnetization rotation film 41 in drawing 15 ) to the 
reproducing-head electrode 6 performed record playback actuation. The sense of magnetization of the 
magnetization rotation film 41 on a truck T2 is a set, and this is the magnetization direction in which symmetry 
waveform regeneration is possible as mentioned above at the sense of the leakage field from the magnet 
members M2 and M3. 

[0102] Next, when record actuation was performed, magnetization of the magnetization rotation film 41 rotated 
according to the leakage field (it is perpendicular to a medium side and they are facing up or facing down) from 
the flux reversal section, resistance changed, and the regenerative signal of a symmetrical-wave form was 
acquired. Since regenerative-signal reinforcement increased to linearity and the sense of magnetization of a 
sense current field and the magnetization fixing film 8 was mostly in agreement if a sense current is made to 
increase, change of the magnetization direction of the magnetization fixing film 8 was not seen. 
[0103] When it is made to operate by truck T3 which adjoins a truck T2, the sense of magnetization of the 
magnetization rotation film 41 turns into reverse sense at the time of a truck T2, but since a truck T2 and T3 
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were equivalence, record playback actuation of the playback actuation top was able to be carried out without the 
problem. 

[0104] Next, as a result of sending to a non-recorded truck little by little from a truck [ finishing / record of the 
reproducing head ] the disk radial and investigating an off-track property, the signal was completely lost by 2- 
micrometer delivery of a track pitch, and it became clear that it is effective also when disk ID of this operation 
gestalt reduces a side fringe. Moreover, although the CSS trial was repeated and was performed 5000 times, 
especially wear of a medium side was not accepted. However, the lubricant was applied to the medium side and 
the CSS trial was carried out. From now on, it became clear that the magnet member 1 1 had the effectiveness of 
acting in [ the magnet member 1 1 ] guide rail, and raising CSS resistance if it is hard from the record magnetism 
member 12 so that clearly. 

[0105] Furthermore, when improving CSS resistance, it is effective to use the magnet member of a ferrite 
system instead of TbCo as a magnet member 1 1 , in such a case, even if he has no protective coat, the practical 
CSS resistance of 50,000 pass extent is expectable, and the formation top of a ** spacing is also effective [ a 
case ]. In addition, in the case of the TbCo magnet layer used for the above-mentioned example, it is about 
lOnm Si02 on a medium side. It is desirable practically to prepare a protective coat. 

[0106] (Example of a comparison) Although the result of the experiment which clarified effectiveness of this 
invention was described above, the magnetic disk which does not have a magnet member using the 
conventional approach as an example of a comparison was created, and this was similarly estimated as disk ID 
of the above-mentioned operation gestalt. The configuration of the example disk of a comparison is a 20nm 
CoPt recording layer and lOnm Si02 on a glass substrate. Spatter formation of the protective layer is carried out, 
and the lubricant same with having used on it at disk ID is applied. The conditions of a disk activity trial were 
made the same as the conditions of disk ID except for having changed the spacing between a head/media, 
having used the head flying height as 0.03 micrometers. 

[0107] since the field revealed from the example disk of a comparison to the magnetization rotation film 41 of a 
head is random in the state of un-recording — the magnetization direction of the magnetization rotation film 41 - 
- average — seeing — the sense of the leakage field of the magnetization fixing film 8 and the magnetization 
fixed film 42, i.e., drawing 15 , — space — being perpendicular (from a flesh side to a table) — it is suitable. In 
case it originated in this and a record magnetic-domain train was reproduced, when the field from the example 
disk media of a comparison went to a flesh side from the table of space in drawing 15 , magnetization of the 
magnetization rotation film 41 rotated, the regenerative signal was acquired, but when going to a table from a 
flesh side, magnetization of the magnetization rotation film 41 did not rotate and a signal was not acquired. That 
is, by the example disk of a comparison, although the regenerative-signal output was obtained, only the output 
equivalent to the one half of magnetization transition was obtained. 

[0108] Moreover, since tracking information was not acquired at all from the truck in the condition of not 
recording if he had no servo light in the example disk of a comparison, while producing the truck gap gradually, 
the side fringe produced un-arranging [ that became large and mixing of the excessive noise signal from an 
adjoining truck became large ]. 

[0109] At an above-mentioned example and the above-mentioned example of a comparison, it is Si02 as the 
TbCo film and a protective coat as the CoPt film and a magnet layer as glass and a record magnetic layer as a 
substrate. Although the used example was described Especially this invention is not limited only to these 
ingredients. To a substrate metals, such as aluminum Various ingredients, such as C, can be used [ a ferrite, 
SmCo, NdFe MnBi, etc. ] for the record magnetism member 12 for CoCrTa, CoNiPt, CoCr, Ba ferrite, etc. as a 
protective coat again at the magnet member 1 1 . Furthermore, high permeability layers, such as orientation 
control layers, such as Cr, and NiFe, etc. may be arranged at the substrate of the record magnetism member 1 1 . 
[0110] Moreover, a busy modification may be given and the shape of the shape of V character and a semicircle 
has also as the cross-section configuration of a magnet member in addition to the shape of a rectangle. 
[0111] Moreover, although the depth of the field in which the magnet member 1 1 is formed was made the same 
as the thickness of the record magnetic layer 12 in magnetic-disk ID of the above-mentioned operation gestalt, 
the depth (thickness) of the magnet member 1 1 does not necessarily require that it is the same as the thickness 
of the record magnetic layer 12. For example, in disk IE shown in drawing 17 , the depth of magnet member 
1 la is made smaller than the thickness of record magnetism member 12a. Moreover, as shown in drawing 18 , it 
is good disk IF which have the middle class (substrate layer) 5 between substrate la and a recording layer 2 

http ://www4 . ipdl .ncipi . go .jp/cgi-bin/tran_web_cgi_ej j e 6/2 1 /2005 



JP,09-097419,A [DETAILED DESCRIPTION] 



Page 14 of 14 



also as what totaled the middle class's 3 thickness, and the thickness of record magnetism member 12b for the 
depth of magnet member lib. Furthermore, in disk 1 G shown in drawing 19 , the depth of magnet member 1 1 c 
is made larger than the thickness of record magnetism member 12c. 

[01 12] Moreover, the same effectiveness can be acquired also to the artificial grid multilayer-structure film, the 
magneto-resistive effect form playback components, for example, the anisotropy magnetic-reluctance film, 
other than spin bulb structure, a granular membrane, etc. That is, when acquiring the symmetry of a 
regenerative signal, the same effectiveness is done so to the magneto-resistive effect component at large which 
needs a certain operating point bias. 

[01 13] If the magnetic disk of this operation gestalt is used, in the magnetic recorder and reproducing device 
which has the magneto-resistive effect mold reproducing head, since a big sense current can be energized, high 
regenerative-signal reinforcement can be obtained, since the good symmetric property of a regenerative-signal 
wave is acquired, little playback actuation of an error rate can be stabilized and performed, and since 
reproducing-head structure is simplified, a head can be manufactured cheaply, the tracking actuation which little 
record of a side fringe of was still attained as subordinate effectiveness, and was stabilized is possible — 
becoming — narrow- track-izing — easy — becoming — and ** spacing actuation — possible ** — it is — **. 
[0114] 

[Effect of the Invention] According to this invention, by separating the record magnetism member of each other 
by the hard guard band member, a side fringe is reduction-ized sharply and narrow track-ization becomes easy, 
moreover, the place which high endurance can be attained even if there is no protective coat, ** spacing-ization 
becomes easy, and ** bit pitch-ization becomes easy, and contributes to the densification of magnetic recording 
synthetically — it is great. Furthermore, the magnetic disk which can be formed and its manufacture approach of 
a hard guard band member are offered, without causing expensive rank-ization. 

[0115] Moreover, the degree of freedom to the film which is arranged in the recording layer lower part 
according to this invention is high, and when it is a medium within a field, it becomes easy it to become easy to 
carry out to arrange the orientation control film etc. and to set record magnetism thickness as the thinness 
corresponding to high density record, it to carry out to arrange a high permeability layer in the recording layer 
lower part by the perpendicular medium etc., and to strengthen a record playback field. Moreover, since CSS 
resistance can be sharply improved by adopting a hard guard band member, it is fully applicable also to a 
contact recording method in the future. Furthermore, if an insulating guard band member is adopted, it will also 
be possible to contact a magneto-resistive effect mold head to a disk side, and it will greatly contribute to the 
densification of magnetic recording synthetically. 

[0116] According to the magnetic disk of this invention, since the suitable operating point bias for a magneto- 
resistive effect form head is impressed by the medium field, even if it uses easy playback component structure, 
the playback actuation by which the symmetrical-wave mold was stabilized is attained, and manufacture of a 
playback component becomes simple. 

[0117] Since it becomes possible to be stabilized and to carry out highly precise tracking actuation, and little 
record of a side fringe can be realized and it becomes easy to carry out ** spacing actuation even if it is the case 
where especially a servo light is not carried out, the place which contributes to the densification of magnetic 
recording and high performance-ization synthetically is size. 
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[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In the magnetic disk possessing the guard band member which was prepared in a substrate and this 
substrate, was prepared between the recording track section formed by the magnetic member which carries out 
record playback of the information magnetically, and the recording track section which adjoins mutually, was 
[ making it continuously ] harder than the magnetic member in the direction of a truck, and was substantially 
formed in it by the non-magnetic material in the recording track section, 

A magnetic member is not prepared in the lower part field of said guard band member which has equal 
thickness substantially in the thickness of the magnetic member which forms said recording track section, but 
the magnetic member of said recording track section has magnetic shape anisotropy in the direction of a truck, 
The magnetic disk with which the disk side formed of the magnetic member which forms said recording track 
section, and said guard band member is characterized by having an even field. 

[Claim 2] In the magnetic disk possessing the guard band member which was prepared in a substrate and this 
substrate, was prepared between the recording track section formed by the magnetic member which carries out 
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record playback of the information magnetically, and the recording track section which adjoins mutually, was 
[ making it continuously ] harder than the magnetic member in the direction of a truck, and was substantially 
formed in it by the non-magnetic material in the recording track section, 

It has thin thickness more substantially than the thickness of the magnetic member which forms said recording 
track section, and has the magnetic member prepared in the lower part field of said guard band member, 
The magnetic disk with which the disk side formed of the magnetic member which forms said recording track 
section, and said guard band member is characterized by having an even field. 

[Claim 3] A magnetic disk given in either of claims 1 or 2 to which the way of the electric resistance of said 
guard band member is characterized by being larger than the electric resistance of the magnetic member of said 
recording track section. 

[Claim 4] Furthermore, it has the substrate layer which consists of a NiP deposit, Cr orientation control layer, or 
the NiFe soft magnetism layers between the magnetic member of said recording track section, and a substrate, 
The thickness of said guard band member is a magnetic disk given in either of claims 1 or 2 characterized by 
the thickness which totaled the thickness of said substrate layer, and the thickness of the magnetic member of 
said recording track section, and the substantially same thing. 

[Claim 5] Said guard band member is a magnetic disk given in either of claims 1 or 2 characterized by being 
formed with one of polymerization compounds among a nitride like Si02, aluminum203, an oxide like Ti02, 
Si3N4, and A1N and TiN, carbide like TiC, boride like BN or C system, CH system, or CF system. 
[Claim 6] A magnetic disk given in either of claims 1 or 2 to which width of face of said recording track section 
on said disk side is characterized by spacing of the pitch of 0.2**0.1 micrometers and said recording track 
section totaling [ the width of face of 1 .8**0.1 micrometers and said guard band member ] the width of face of 
said recording track section, and the width of face of said guard band member. 

[Claim 7] A magnetic disk given in either of claims 1 or 2 characterized by each of said recording track section 
and said guard band member forming the exposure disk side. 

[Claim 8] A magnetic disk given in either of claims 1 or 2 characterized by covering said disk side by the 
protective coat in order to protect each of said recording track section and said guard band member. 
[Claim 9] A magnetic disk given in either of claims 1 or 2 characterized by said magnetic member consisting of 
an ingredient formed by the plural magnetron sputtering method. 

[Claim 10] The magnetic disk according to claim 9 characterized by said ingredient being CoPt carried out 20 
atom % content about Pt. 
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